Intestinal carcinoids were diagnosed in three aged dogs. Two of the neoplasms occurred in the rectum and one at the cecocolic junction. Judged by histologic criteria, all three carcinoids were considered to be malignant. Amyloid was present in both rectal tumors. In each tumor the diagnosis was confirmed by the finding of electron-dense intracytoplasmic secretoq granules in the neoplastic cells.
Carcinoids are relatively uncommon neoplasms that occur in both man and animals. They are derived from endocrine cells of the gastro-intestinal system, including argentaffin cells (Kulchitsky's cells) and non-argentaffin cells. Endocrine cells that are embryologically derived from the gut and found in the tracheobronchial tree, liver, pancreas, and genitourinary system also may give rise to these tumors. Both the argentaffin and non-argentaffin cells are a part of what has been called [ 121 the "diffuse endocrine system" of the gut. In recent years, immunocytochemical methods have identified a polypeptide product associated with most of the cell types in this system [4, 11, 371 . Cells in this system are considered to be part of the functionally related group of cells known as amine precursor uptake and decarboxylation (APUD) cells [26] . This larger group includes cells of the thyroid (C cells), adrenal medulla (epinephrine-and norepinephrine-secreting cells), carotid body (Type I cells) and pituitary (corticotropin and melanotropin secreting cells). Since some tumors of the gut endocrine system are named according to their polypeptide product (e.g., gastrinoma, glucagonoma) the term carcinoid usually refers to neoplasms without an identified polypeptide product [3 11 . Named "Karzinoid" [22] because of their carcinoma-like appearance and benign course, carcinoids later were recognized to be endocrine tumors with variable behavior.
In man, carcinoids are characterized clinically by slow growth and occasional metastasis and may be associated with the "carcinoid syndrome." This syndrome results from the release of vaso-active amines, predominantly serotonin and kallikrein derivatives, from the secretory granules of functional metastatic tumors [ 191. Several thousand carcinoids, most not associated with the carcinoid syndrome, have been reported in man [19] .
In the dog, six intestinal carcinoids have been reported [7, 13 ,241 but only one [13] was substantiated with silver stains and electron microscopy. Fifteen hepatic carcinoids [25] and two pulmonary carcinoids also have been reported in the dog [21, 321. Intestinal carcinoids have been reported in the cat [17, 201; evidence has been presented, however [2] , that these tumors, which resemble carcinoids morphologically, are in fact intestinal mast-cell tumors. One intestinal carcinoid in a cow [ 161 and one in an elephant 1361 also have been reported. Curiously, the African rodent Pruomys (Mustomys) natalensis has an extremely high incidence of carcinoids, approximately 50% of aged individuals being affected [15] .
We describe three additional intestinal carcinoids in the dog.
Materials and Methods
Tissues fixed in 10% formalin were submitted by referring veterinarians to the Surgical Pathology Service, New York State College of Veterinary Medicine. Selected tissues were embedded in paraffin after routine processing and sectioned at 5 pm. Sections were stained with hematoxylin and eosin (HE), toluidine blue, Giemsa, acid orcein-Giemsa, Congo red, crystal violet, thioflavin-T, modified Pascual [8], Sevier-Munger [30] , and modified Fontana-Masson [6] stains. Thioflavin-T-stained sections were examined under ultraviolet light with a fluorescence microscope. Unstained sections were deparaffmized with xylene and examined for formaldehyde-induced fluorescence according to described methods [9, 101. Small pieces of formalin-fixed tissue were post-fmed in I% osmium tetroxide and prepared for electron microscopy by routine methods.
Results
Dog 1, an 11-year-old female miniature poodle, was presented to the referring veterinarian with a red, pedunculated mass one cm in diameter protruding from the rectum. The tissue submitted for examination was an irregular mass lined on its surface by discontinuous rectal epithelium. Neoplastic tissue extended from the lamina propria through the muscularis mucosae and into the submucosa. The cells usually were individualized but occasionally formed lobules separated by fine fibrovascular septa. They had round to oval nuclei with evenly dispersed, finely granular chromatin. There was moderate variation in nuclear size and some nuclei contained small nucleoli. The cytoplasm was abundant, eosinophilic, and in some cells finely granular. Multinucleate neoplastic cells were present. Mitotic figures were rare. The mass was highly vascular, and in some areas groups of neoplastic cells were separated by blood-filled channels without an endothelial lining. There was extensive hemosiderosis. Amorphous, lightly eosinophilic material was scattered throughout the mass, particularly around arterioles. This material was identified as amyloid by Congo red, crystal violet, and thioflavin-T stains (figs. la, b). Neoplastic cells were negative for argyrophil granules with both the Sevier-Munger and Pascual stains. They were also non-argentaffin with the Fontana-Masson stain. In toluidine blueand acid orcein-Giemsa-stained sections, cells containing metachromatic granules were scattered throughout the mass, usually in association with blood vessels. There was no formaldehyde-induced fluorescence within the tumor cells. Ultrastructurally ( fig. 2 ), the neoplastic cells were characterized by varied numbers of dense intracytoplasmic, membrane-bound secretory granules. The cells had abundant rough endoplasmic reticulum with dilated cisternae containing finely granular material consistent in appearance with protein. In some cells there were prominent arrays of juxtanuclear microfilaments. The plasma membrane of adjacent cells formed interdigitating processes. Between many cells, and particularly around capillaries, there was matted, filamentous material consistent in appearance with amyloid. Erythrocytes were common in spaces between neoplastic cells. Dog 2, a nine-year-old female springer spaniel, was presented with a small pedunculated tumor protruding from the anus. Biopsy revealed a cellular mass extending from the partially denuded rectal mucosal border to the cut edge of the deep submucosa. Round cells similar to those described in dog 1 usually were arranged without a particular pattern but sometimes were divided into densely packed lobules by a highly vascular fine stroma ( fig. 3) . Occasional vascular channels, lacking endothelium, also were present. Mitotic figures were numerous in some areas and multinucleate neoplastic cells were scattered throughout the mass.
Congo red, crystal violet, and thioflavin-T stains showed perivascular amyloid, similar to but less abundant than that described in dog 1. A few cells containing metachromatic granules were present. Neoplastic cells were negative for both argyrophil and argentaffin reactions, and no formaldehyde-induced fluorescence was found. Electron microscopy ( fig. 4) revealed several features similar to those in dog 1 , including abundant rough endoplasmic reticulum with dilated cisternae and interdigitating cell processes. Various numbers of dense membrane-bound granules were present in all neoplastic cells. There were randomly arranged fine microfilaments throughout the cytoplasm. Intercellular material consistent in appearance with amyloid also was present.
Dog 3, a nine-year-old spayed female dachshund with a five-month history of episodic intestinal hemorrhage, was presented to the referring veterinarian. Each episode was characterized by the passage of multiple blood clots and mucus in the feces for a few days before temporary remission. Because of the increasing frequency of these attacks, the dog was killed at the owner's request. At necropsy, a dark red, firm mass 5 cm in diameter was found at the cecocolic junction, involving mostly the cecum, and was submitted for histology.
A full-thickness section of intestinal wall lined by partially denuded cecal mucosa contained a dense cellular mass that displaced and infiltrated the mucosa, submucosa and muscularis externa. The neoplastic cells were similar to those seen in the rectal carcinoids; their cytoplasm was generally more granular, however, and in some areas was clear. A fine fibrovascular stroma divided the mass into distinct lobules ( fig. 5a ). Vascular channels similar to those described in dogs 1 and 2 also were present. Multiple small necrotic foci were distributed throughout the mass. Multinucleate cells and mitotic figures were rare. Tumor emboli were present in some small vessels ( fig. 6 ). A few cells containing metachromatic granules were scattered throughout the tissue. Congo red, crystal violet, and thioflavin-T were negative for amyloid. Pascual's stain revealed argyrophil granules in many of the tumor cells ( fig. 5b ). All cells, Ultrastructurally, dense membrane-bound granules were abundant, and often densely packed, in the cytoplasm of tumor cells ( fig. 7) . The granules were pleomorphic, and many were elongate. The cytoplasm also contained moderate numbers of mitochondria and scant rough endoplasmic reticulum.
Discussion
Intestinal carcinoids in the dog resemble those in man in several ways. Morphologically, the relatively uniform round cells and their arrangement into lobules by fibrovascular stroma are characteristic of carcinoids. Trabecular or individualized cell patterns also are common. The formation of rosettes surrounding eosinophilic mucopolysaccharide has been reported as a common pattern in both man and dogs, but was not seen in these three dogs.
Argentaffin and argyrophil silver staining reactions have been used traditionally to characterize carcinoid tumors. The presence of serotonin within the secretory granules has been associated with a positive argentaffin reaction [ 181. The argentaffin stains, such as the modified Fontana-Masson, show the ability of granules to reduce and thereby precipitate silver salts. Argyrophil stains, such as Pascual and Sevier-Munger, show the ability of granules to reduce silver salts after they themselves have been reduced by an appropriate reducing agent. Argyrophil stains are less specific than argentaffin stains. There are differences, however, in the specificity of each argyrophil stain and these differences often correspond to particular polypeptide products [ 141. Therefore, the granule staining reactions with the various argyrophil stains is of considerable diagnostic value in carcinoids of man. Either the argyrophil or argentaffin stains also may give a positive reaction with melanin, dopamine, and related substances [34] .
In man, there is a correlation between anatomical location, staining characteristics, and biological behavior of carcinoid tumors [ 191. Rectal carcinoids are generally both argyrophil-and argentaffin-negative and have low metastatic potential. As a result, the carcinoid syndrome rarely has been reported in association with a rectal carcinoid [29, 331. The rectal carcinoid reported in a dog was argentaffin-negative [7] . The two rectal tumors reported here were also argentaffin-and argyrophil-negative.
Midgut carcinoids of man, including those of the ileum and appendix, are usually positive with argentaffin and one or more of the argyrophil stains. The cecal carcinoid reported in a dog [ i 31 was positive with both the Sevier-Munger argyrophil stain and the Fontana-Masson argentaffin stain. The cecal carcinoid described here, however, was positive only with the modified Pascual argyrophil stain. The rapid deterioration of granules when formalin fixation is inadequate is a common cause of a false negative argentaffin reaction. The cells of argentaffin-positive carcinoids have been shown to contain pleomorphic, often elongate, granules similar to those described here in dog 3 [38] . The necessity for multiple argyrophil stains to characterize carcinoid tumors in man clearly has been shown [14] . At present, the significance of positive Pascual and negative Sevier-Munger staining in this dog is unknown. Future studies of canine carcinoids should attempt to correlate the various argyrophil staining reactions with the identity of the polypeptides produced.
Formaldehyde-induced fluorescence is a useful technique for demonstrating the presence of serotonin in neoplastic cells [9, lo] . Condensation of indolethylamines, such as serotonin and 5-hydroxytryptophan, with formaldehyde produces compounds that have a characteristic yellow fluorescence under ultraviolet light of the appropriate wavelength. The diffusion of serotonin during fixation in aqueous formalin, however, may result in lack of detectable fluorescence. Therefore, a negative formaldehydeinduced fluorescence result, as in these three dogs, does not exclude either the presence of serotonin in the tumor cells or the diagnosis of carcinoid tumor [lo] . Carcinoids of the rectum and colon in man have been reported to be negative for formaldehyde-induced fluorescence [ 10, 331. Conventional stains for amyloid were positive in both rectal carcinoids; this finding was supported by electron microscopy. Amyloid is reported to occur occasionally in carcinoids in man [I, 271 and in other tumors derived from amine precursor uptake and decarboxylation cells [27] . It has not been reported in association with rectal carcinoids. There are distinct biochemical differences between primary amyloid derived from immunoglobulins, secondary amyloid, and tumor-associated amyloid. In the latter, it is thought that the amyloid protein is derived from polypeptides of prohormones secreted by the neoplastic cells [27] .
The significance of the cytoplasmic microfilaments seen in dogs 1 and 2 is unknown. Similar microfilaments have been reported in gut endocrine cells [3 11 and carcinoids in man [5, 381. An increase in microfilaments in bronchial endocrine cells also has been reported in Syrian golden hamsters treated with nitrosamine [28] and in gastric endocrine cells undergoing hyperplasia [3 11, but these changes were not associated with neoplastic transformation.
In the tumors reported here, the differential diagnosis at the time of initial histologic examination included mast cell tumor. The neoplasms described in these dogs, however, were differentiated from mast cell tumors on the following grounds. Ultrastructurally, mast cells are characterized by uniformly large, membrane-bound granules of various densities, and scant rough endoplasmic reticulum [23]. Neoplastic canine mast cells have a similar ultrastructural appearance [3; personal observations]. The rough endoplasmic reticulum in poorly differentiated mast cell tumors, however, has been reported to be more extensive [35] . The ultrastructure of mast cells is, therefore, inconsistent with the morphology of the cells in these neoplasms. In addition, canine mast cell tumors typically contain an infiltrate of eosinophils. No such infiltrate was seen in these tumors. The cells that were metachromatic with toluidine blue, Giemsa, and acid orcein-Giemsa stains were interpreted as migrating mast cells present in the neoplastic tissue.
The biological behavior of intestinal carcinoids in the dog seems to vary. In all previously reported cases, metastasis had occurred, although there was no definitive evidence of carcinoid syndrome. Histologically, all three neoplasms reported here were classified as malignant on the basis of local tissue invasion. Although the presence of tumor emboli in dog 3 is definitive evidence of malignancy, the referring veterinarian did not report grossly evident metastasis. Both rectal carcinoids were removed without laparotomy and two years later neither dog has shown clinical signs of recurrence. Although the potential for metastasis should be recognized, insufficient data are currently available on which to judge the usual biological behavior of these neoplasms.
In dogs, intestinal carcinoids seem to affect aged individuals, none having been reported in dogs less than nine years old. Although all three tumors reported here were in females, one of the cases reported previously was in a male. It is unlikely that there is a sex predisposition with this tumor; the predominance of females probably reflects the small number of tumors reported so far.
From the point of view of diagnosis, intestinal neoplasms with the morphologic pattern described here should be considered as possible carcinoids. The presence of amyloid in the tissue would support this possibility. Judging by these three tumors, electron microscopy is the most convenient way to confirm the diagnosis.
